Kaposi sarcoma herpesvirus (KSHV)-associated multicentric Castleman disease (MCD) is a lymphoproliferative disorder most commonly observed in HIVinfected patients. It is characterized by KSHV-infected plasmablasts that frequently express lytic genes. Patients manifest inflammatory symptoms attributed to overproduction of KSHV viral IL-6, human IL-6, and human IL-6. There is no standard therapy and no established response criteria. We investigated an approach targeting 2 KSHV lytic genes, ORF36 and ORF21, the protein of which, respectively, phosphorylate ganciclovir and zidovudine to toxic moieties. In a pilot study, 14 HIV-infected patients with symptomatic KSHV-MCD received highdose zidovudine (600 mg orally every 6 hours) and the oral prodrug, valganciclovir (900 mg orally every 12 hours). Responses were evaluated using new response criteria. A total of 86% of patients attained major clinical responses and 50% attained major biochemical responses. 
Introduction
Multicentric Castleman disease (MCD) is a rare disorder characterized by inflammatory symptoms that include fever, splenomegaly, lymphadenopathy, respiratory symptoms, edema, effusions, cytopenias, hypoalbuminemia, and elevated inflammatory markers. 1, 2 Kaposi sarcoma-herpesvirus (KSHV), also called human herpesvirus-8, 3 is the cause of a sizable subset of MCD, 4, 5 especially MCD arising in immunosuppressed patients, such as those infected with HIV. KSHV is also the etiologic agent of Kaposi sarcoma (KS) and primary effusion lymphoma (PEL); not uncommonly, patients manifest more than 1 of these disorders.
KSHV-associated MCD (KSHV-MCD) is diagnosed pathologically, usually through a lymph node biopsy demonstrating hypocellular germinal centers with vascularized core and proliferation of perifollicular monotypic plasmablastic cells that usually express IgM and . 6 A number of these plasmablastic cells are KSHVinfected, expressing KSHV latency associated nuclear antigen. 7, 8 A sizable subset of these cells express a KSHV-encoded viral interleukin-6 (vIL-6), 5 a gene whose mRNA is sometimes detectable in latently infected cells, and is significantly up-regulated with lytic activation. 5,9-12 KSHV-MCD patients often have detectable serum vIL-6, and inflammatory symptoms in this condition are attributed in part to vIL-6. 13 Elevated serum human IL-6 (hIL-6) and IL-10 may also contribute to KSHV-MCD symptomatology. 14 In addition, KSHV-MCD is unusual in that a substantial proportion of the KSHV-infected plasmablasts have lytic KSHV gene expression. 9 Clinically, KSHV-MCD often waxes and wanes, but without treatment, it is generally fatal within 2 years. 1 Causes of death include multiorgan failure, progressive KS, immunoblastic lymphomas, or intercurrent infections. A pooled evaluation of 86 published cases between 1985 and 2006 reported median survival of approximately 12 months, although fatality rate was less in patients who received highly active antiretroviral therapy (HAART). 15 There is evidence that KSHV-MCD incidence is increasing with widespread use of HAART. 16 There is no standard treatment for KSHV-MCD. Furthermore, there are currently no standardized response criteria for MCD, making it difficult to compare results of different therapeutic approaches. Successful treatment has been reported with various chemotherapeutic agents, including vincristine, vinblastine, etoposide, cyclophosphamide, and doxorubicin, alone or in combination 1, 15 ; as well as with ganciclovir, 17 IFN-␣, 18, 19 and thalidomide. 20, 21 Steroids have been described to reduce inflammatory symptoms in MCD not associated with KSHV. 22 With all of these modalities, relapse is common. The best-studied agent in KSHV-MCD is the monoclonal anti-CD20 antibody rituximab, either as first-line monotherapy 23 or after chemotherapy. 24 Whereas rituximab was often effective in the management of symptoms and correction of biochemical abnormalities, KS flared in 35% to 67% of patients. Disease-free survival at 1 to 2 years was 77% to 79%. Thus, more effective therapies for KSHV-MCD are needed.
Our group is exploring selectively targeting KSHV-MCD plasmablasts based on their expression of KSHV lytic genes. 25 One KSHV lytic gene, ORF36, encodes a phosphotransferase that activates ganciclovir to a toxic triphosphate moiety, and another, ORF21, encodes a thymidine kinase that phosphorylates zidovudine (AZT). [25] [26] [27] We previously showed that PEL cells in which KSHV was lytically activated produced increased amounts of AZT and ganciclovir triphosphate moieties. AZT and ganciclovir had synergistic toxicity at doses attainable in patients, in these PEL lines. 25 We hypothesized that the combination of AZT and ganciclovir would selectively target the KSHV-infected plasmablasts in KSHV-MCD and have utility in the treatment of symptomatic disease. To translate these findings, we conducted a pilot study of high-dose AZT and valganciclovir (VGC), an orally available prodrug of ganciclovir, in patients with symptomatic KSHV-MCD. In conducting this study, we also prospectively defined clinical, biochemical, and radiographic criteria to assess responses to KSHV-MCD, and piloted the use of these criteria in assessing responses.
Methods

Study population
Starting in 2004, patients with pathologically confirmed KSHV-associated MCD were enrolled in a clinical research protocol to investigate the natural history of the disease and assess virus-activated cytotoxic therapy with AZT/VGC. Patients with symptomatic MCD, defined as at least 1 clinical symptom (Table 1) and at least 1 laboratory abnormality (elevated C-reactive protein [CRP] , hyponatremia, hypoalbuminemia, thrombocytopenia, or anemia) attributed to KSHV-MCD, were eligible for treatment with AZT/VGC. There was no limitation on number of prior therapies. Per protocol, AZT/VGC was used as initial therapy in symptomatic patients, except those for whom this approach did not appear appropriate; patients with advanced KS, diffuse large B-cell lymphoma, or with life-threatening disease (ie, Eastern Cooperative Oncology Group performance status of 4 or end-organ damage) received alternate biochemotherapy regimens instead of AZT/VGC. The protocol (#NCT00099073) was approved by the National Cancer Institute Institutional Review Board. All patients gave written informed consent in accordance with the Declaration of Helsinki.
Treatment regimen
Treatment consisted of AZT 600 mg orally every 6 hours combined with VGC 900 mg orally every 12 hours. Substitution with AZT 300 mg intravenously every 6 hours combined with ganciclovir 5 mg/kg intravenous every 12 hours was allowed for inpatients not able to tolerate or absorb oral medications. Patients initially received AZT/VGC for 7 days, with the option of continuing for up to 21 days during the first cycle if patients had substantial symptoms after the first 7 days. Patients with severe MCD symptoms and laboratory abnormalities could receive corticosteroids during initial therapy, generally consisting of a single dose or a short steroid taper at the beginning of the first cycle.
Given the risk of hematotoxicity with prolonged dosing high-dose AZT/VGC, subsequent 21-day cycles generally consisted of 7 days of therapy followed by 14 days off therapy, although the protocol allowed for a longer durations of treatment at investigator discretion. Concurrent antiretroviral therapy was generally adjusted during the periods of treatment with AZT/VGC to avoid administration of 4 antiretroviral agents, including 3 nucleoside reverse-transcriptase inhibitors, as long as there was no evidence of substantial HIV resistance to AZT. Patients continued on AZT/VGC therapy as long as there was evidence of clinical benefit. Therapy was continued several cycles beyond initial improvement of clinical symptoms with the aim of treating residual subclinical disease. The ultimate goal of therapy was complete resolution of clinical, biochemical, and radiographic abnormalities attributed to MCD with long-term remission of disease. AZT/VGC was discontinued in patients with progressive symptoms or dose-limiting toxicities, and alternative therapeutic approaches were used.
Response evaluations
Patients were monitored for clinical, biochemical, and radiographic responses (Table 2) . Evaluation included structured review of symptoms, physical examination, and laboratory studies day 1 of each cycle, or at the time progression. Symptoms were graded using the National Cancer Institute Common Terminology Criteria for Adverse Events, Version 3. Clinical decisions were based on patient performance status, and review of symptoms probably or definitely attributed to KSHV-MCD (Table 1) , as well as clinical laboratory parameters, including complete blood counts, blood chemistries, and CRP. Patient samples were obtained for correlative studies, including cell-associated KSHV-viral load, serum vIL-6, and serum multiplex cytokine analyses. These correlative biomarkers did not guide clinical decision-making.
There are no standard MCD response criteria. One aim of this protocol was to develop MCD response criteria and gain experience with and assess the feasibility and utility of these criteria. Criteria were defined for responses in 3 categories: clinical, biochemical, and radiographic (Table 2) , incorporating abnormalities commonly seen in KSHV-MCD. 1 Clinical responses were considered primary. A clinical complete response required full resolution of the clinical signs and symptoms probably or definitely attributable to MCD lasting 1 cycle (3-4 weeks). Table 1 shows categories of symptoms noted at baseline and used in response evaluations. A category of "symptom-free disease" was defined as full resolution of all clinical symptoms attributed to MCD but did not require resolution of asymptomatic lymph nodes noted on physical examination or maintenance of a full cycle.
Biochemical responses were based on resolution of laboratory abnormalities generally attributable to MCD. Biochemical responses as defined in the original protocol required 50% or greater relative improvement (normalization toward the lower or upper limit of normal) in each of 12 laboratory parameters. However, as we gained experience in KSHV-MCD, it became evident that these criteria were frequently affected by conditions other than the MCD and thus did not provide a good assessment of the disease status. Before performing formal evaluation of biochemical response in any patient, criteria were revised with a study amendment to include only the 5 most commonly abnormal biochemical parameters: CRP, hemoglobin, platelets, albumin, and sodium (Table 2 ). In evaluating biochemical response, improvements in hemoglobin and platelets were considered only if they occurred or were sustained independent of transfusion or erythroid growth factors. All patients were assessed uniformly using revised criteria.
Radiographic responses were evaluated by computed tomography scans obtained at baseline, every 2 cycles until clinical stabilization, and then every 3 months. Radiographic response criteria were based on response criteria for malignant lymphoma established by the International Working 
Clinical response CR
Full resolution of all signs and symptoms attributable to MCD, lasting 1 cycle (3-4 wk depending on regimen); requires normalization of involved nodal areas on physical examination 
SFD
Radiographic response CR
Normalization of all lymph nodes to Ͻ 1.5 cm in greatest transverse dimension, with decrease to Ͻ 1 cm of lymph nodes that measure 1.1-1.5 cm at baseline, or 75% decrease in SPD of measured lymph nodes; spleen Ͻ 12 cm greatest dimension, no pleural effusions
Cru
Residual lymph node mass Ͼ 1.5 cm or spleen Ͼ 12 cm that has decrease by Ն 75% and does not change over 1 y
PR
For lymph nodes, Ն 50% decrease in SPD of 6 dominant nodes; for spleen, Ն 50% decrease in longest transverse dimension
SD
Not meeting criteria for CR, CRu, PR, or PD
PD
For lymph nodes, Ն 25% increase in the SPD; for spleen, increase Ն 25% in longest dimension
Overall response CR
CR in all categories
PR
PR or better in all categories
SD
SD or better in all categories
PD
Progression in any 1 category
Data are based on signs and symptoms probably or definitely attributed to KSHV-MCD. CR indicates complete response; SFD, symptom-free disease; PR, partial response; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; SD, stable disease; PD, progressive disease; SPD, sum products of the diameters; and Cru, complete response, unconfirmed. *Determination of partial or complete biochemical responses was not based on improvements in hemoglobin or platelet counts that occurred within 3 weeks (one cycle) of transfusions or growth factor support.
Group. 28 Modifications of radiographic criteria for KSHV-MCD included use of computed tomography imaging alone, with [ 18 F]-fluorodeoxyglucosepositron emission tomography explored only for research purposes, specific criteria for resolution of splenomegaly, and specific requirement for resolution of pleural effusions. Overall response integrated the clinical, biochemical, and radiographic responses. Importantly, complete overall response using these criteria required resolution of all abnormalities attributed to MCD.
vIL-6 assay
KSHV-encoded vIL-6 was measured using a previously described sandwich enzyme-linked immunosorbent assay that used clone v6m 31.2.4 murine monoclonal anti-vIL-6 antibody, 29 and which had been modified from an earlier vIL-6 assay. 13, 30, 31 The lower limit of detection for serum vIL-6 was 1560 pg/mL and 95% upper limit of reactivity in serum from health blood donors was 2850 pg/mL. The assay did not cross-react with hIL-6. 29 In evaluating patients with known KSHV-MCD at different time points, vIL-6 values are presented down to 1560 pg/mL.
KSHV quantitative real-time PCR
KSHV-viral load was measured using previously described methods. 29, 32, 33 Briefly, DNA was extracted from peripheral blood mononuclear cells (PBMCs) and KSHV DNA was detected using primers for the K6 gene region. 32 The number of cellular equivalents was determined using a quantitative assay for human endogenous retrovirus 3, 34 and KSHV viral load was reported as viral DNA copies per million PBMCs. 33 
Other assays
Serum hIL-6, IL-10, and 5 other cytokines (IL-1␤, IL-8, IL-12 p70, IFN ␥, and TNF-␣) were evaluated using the MSD 96-Well Multiarray Proinflammatory 7-plex Assay (Meso-Scale Discovery) and the Sector Imager. As previously described, the Meso-Scale hIL-6 assay did cross-react with vIL-6. 29 CD4 counts were assessed by FACS. Plasma HIV-1 mRNA was measured by quantitative RNA polymerase chain reaction using Roche Amplicor HIV-1 Monitoring Kits (Roche Diagnostic Systems).
Statistical methods
As a pilot study evaluating AZT/VGC efficacy in the treatment of symptomatic KSHV-MCD, we evaluated the best clinical, biochemical, radiographic, and overall responses. The protocol used a 2-stage Simon optimal design to evaluate AZT/VGC, with ␣ ϭ 0.15, ␤ ϭ 0.15, and a targeted 25% response rate. If 1 or more of the first 8 patients had at least a partial response in 1 response parameter (clinical, biochemical, or radiographic), 14 patients were to be treated with AZT/VGC. In addition, progression-free survival (time from starting therapy to time of disease progression requiring a change in therapy or death) and overall survival were determined using Kaplan-Meier methodology. For survival analysis, patient status was assessed from the start of therapy until September 7, 2010. Clinical and research laboratory correlatives of MCD disease activity were evaluated as follows: paired nonparametric analysis was performed using an exact Wilcoxon signed-rank test comparing changes from baseline laboratories to those at a time of best clinical response for: platelets, hemoglobin, albumin, CRP, vIL-6, hIL-6, IL-10, and KSHV viral load. hIL-6, IL-10, and KSHV viral load were log 10 transformed for analyses; undetectable KSHV viral loads were converted to 1 to permit valid log 10 transformation. Because vIL-6 was often below the threshold of detection, vIL-6 was considered detectable or not, with changes evaluated using the McNemar test for paired categorical data. Statistical analyses of correlative parameters were exploratory, with no formal correction for multiple comparisons. However, because multiple parameters were examined, P values Յ .01 are interpreted as statistically significant, values between .01 and Յ .05 indicate strong trends, and values Ͼ .05 are considered not significant. All P values are 2-sided. Toxicities across all cycles possibly, probably, or definitively attributed to therapy were tabulated.
Results
Patient characteristics
Of 22 patients enrolled on the KSHV-MCD protocol between 2004 and 2009, 14 patients were treated with AZT/VGC. Of the other 8 patients, 4 were clinically asymptomatic and felt not to require therapy, 2 had advanced KS requiring chemotherapy, 1 had diffuse large B-cell lymphoma, and 1 had life-threatening MCD treated with a more aggressive regimen. Baseline characteristics of patients treated with AZT/VGC are outlined in Table 1 
Four patients were on glucocorticoids before starting AZT/ VGC; in such cases, steroids were continued during the initial therapy and then tapered when possible. Four additional patients received at least a single dose of glucocorticoids during the first cycle (2 for thrombocytopenia, 2 for clinical symptoms). Glucocorticoids were discontinued during the first cycle in 5 of these 8 patients, whereas 3 patients remained steroid-dependent throughout therapy. Two of these 3 patients were switched to an alternate therapy for MCD during cycle 2, and 1 was maintained on physiologic dosing of hydrocortisone because of adrenal insufficiency. One additional patient who discontinued glucocorticoids during cycle 1 received methylprednisolone for sinus inflammation during cycle 7. In addition, patients sometimes required transfusions because of cytopenias attributed to MCD activity; red blood cell transfusions were required in 9 patients and platelet transfusions in 7 patients. Two patients received erythropoietin.
Clinical responses
Patients received a median of 8.5 cycles of therapy (range, 1-29 cycles). Five (36%) were symptom-free after the first cycle. With additional therapy, 12 of 14 (86%) had a major response (partial response or better) as a best clinical response (Table 3) . Seven (50%) achieved a clinical complete response and 2 achieved a partial response. Three achieved symptom-free disease not classified as a complete clinical response because of either symptom-free duration of Ͼ 1 cycle (2 patients) or persistent adenopathy on physical examination with recurrence of clinical symptoms after 5 cycles (one patient). The 2 patients who did not have a clinical partial response or better had clinical stable disease at the end of cycle 1; given lack of improvement in clinical symptoms, each received an alternate regimen after 19 to 28 days of AZT/VGC. One of these patients was found to have intercurrent bacterial endocarditis. Notably, the 6 patients who never received glucocorticoids during AZT/VGC treatment all had a clinical major response; 4 had a complete response and 2 had a partial response. In 8 patients who received at least 1 dose of glucocorticoids, 3 achieved a complete response, 3 symptomfree disease, and 2 had stable disease.
Biochemical and radiographic responses
Seven patients (50%) had biochemical major response (partial response or better), with 3 (21%) achieving complete responses and 4 (29%) achieving partial responses. Six of the remaining patients met criteria for stable disease and 1 had worsening biochemical parameters when his course was complicated by bacterial endocarditis with cerebral emboli. Among 3 patients receiving steroids at the time of determination of best biochemical response, 2 were classified as stable disease and 1 as progressive disease. Thirteen patients completed the required radiographic studies and were evaluable for radiographic response. Four patients (29%) achieved a radiographic complete response as best response, which required normalization of both lymphadenopathy and splenomegaly, and 1 patient had a response unconfirmed based on residual splenomegaly (spleen 12.5 cm) that was unchanged over 12 months. Eight patients had radiographic stable disease, although decreases in spleen and lymph node size were common (Figure 1 ).
Overall responses
Patients were evaluated individually in each of the 3 categories at each cycle, and overall responses were conservatively defined as the lowest of the 3 categories. Overall response categorization was affected by the fact that clinical responses generally preceded biochemical and radiographic responses (supplemental Table 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article). Based on stringent protocol-defined criteria, 4 of 14 patients (29%) achieved an overall partial response or better, including 3 overall complete responses and 1 overall partial response. Two of these 4 patients received limited glucocorticoids during the first cycle of therapy, but otherwise none received glucocorticoids during their treatment for up to 20 cycles. In 9 of the remaining 10 patients, best overall response was stable disease, and in 1 patient, best overall response was progressive disease. It should be noted, that of 9 patients with overall stable disease, only 1 had stable disease in all 3 categories; 8 had a partial response or better clinically, and 4 had a major response in other categories.
Progression-free and overall survival
With a median potential 42.8-month follow-up, median progressionfree survival was 6 months (Figure 2A ) and the estimated proportion of patients who had not progressed at month 12 is 23%. Three patients who obtained a lasting overall complete response were treated for 13, 20, and 29 cycles, which was 9, 10, and 22 cycles beyond resolution of clinical and biochemical abnormalities attributed to KSHV-MCD. They remain symptom-free for 10, 29, and 33 months after stopping AZT/VGC. One patient with an overall partial response when last evaluated died of untreated systemic Streptococcus pneumoniae infection with possible progressive MCD as well. In the remaining 10 patients, AZT/VGC therapy was changed for overall disease recurrence or progression (8 patients), worsening KSHV-associated extracavitary PEL (one patient), or investigator preference because of inadequate clinical improvement (one patient with overall stable disease at last evaluation). Patients who recurred or progressed went on to receive 1 or more additional therapies; subsequent therapies included a combination of rituximab and liposomal doxorubicin (7), EPOCH [infusional etoposide, vincristine, doxorubicin, with oral prednisone, and bolus cyclophosphamide] (2), IFN-␣ (7), subsequent additional AZT/ VGC (2), and rituximab monotherapy (1) .
Median overall survival has not been reached ( Figure 2B ). Twelve of 14 patients remain alive, and overall survival at Partial response 1 (7) Stable disease 9 (64)
Progressive disease 1 (7) Major clinical response ϭ complete response ϩ symptom-free disease ϩ partial response; major biochemical response ϭ complete response ϩ partial response; and major radiographic response ϭ complete response ϩ complete response unconfirmed ϩ partial response.
*One patient was not evaluable radiographically. 12 months and beyond is 86% (95% confidence interval, 60%-96%). In addition to the patient described in the preceding paragraph who died of pneumococcal infection, an additional patient died at home with febrile neutropenia while being treated with combination chemotherapy for progressive extracavitary PEL.
Changes in biochemical laboratory parameters
Changes in the 5 individual laboratory parameters used in the response criteria were assessed in each patient from the start of therapy to the time of best clinical response. Analyses were performed first in all 14 patients (Table 4) , then repeated excluding the patient whose clinical course was complicated by bacterial endocarditis with cerebral emboli. Statistically significant changes or strong trends were observed for decreases in CRP (P ϭ .0085; Figure 3A ), increases in albumin (P ϭ .0033), and increases in platelet counts (P ϭ .02), whereas changes in sodium (P ϭ .44) and hemoglobin (P ϭ .31) were not statistically significant. Excluding the patient with bacterial endocarditis, changes in CRP (P ϭ .0002), albumin (P ϭ .0007), and platelets (P ϭ .0081) were all statistically significant, whereas changes in sodium and hemoglobin were not. In addition, median CRP decreased across patients over the first 4 cycles (supplemental Figure 1) .
Immunologic and virologic studies
We evaluated immunologic and virologic parameters previously demonstrated to be associated with MCD activity, including vIL-6, hIL-6, IL-10, and KSHV viral load. For each patient, baseline values were compared with values from the first time the tests were obtained after the best clinical response. Thirteen patients were evaluable for changes in cytokines and KSHV viral load. Relatively large decreases that were either statistically significant or exhibiting strong trends were observed for IL-10 (P ϭ .0002), hIL-6 (P ϭ .027), and KSHV viral load (P ϭ .021). Excluding the patient with bacterial endocarditis, observed differences were statistically significant for IL-10 (P ϭ .0005), hIL-6 (P ϭ .001), and KSHV viral load (P ϭ .0049). Each of 5 patients with elevated vIL-6 at entry had a decrease during therapy; however, with this small number, this decrease was not statistically significant ( Figure 3B) . Six of 12 patients who initially achieved partial clinical response or better subsequently had clinical progression of MCD. In all cases, clinical deterioration was accompanied by rising CRP; compared with a median CRP at the time of best clinical response of 0.49 mg/dL (range, Ͻ 0.4-0.95 mg/dL), median CRP at time of clinical progression was 9.8 mg/dL, (range, 5.3-14.2 mg/dL). vIL-6 was detectable in 3 of these 6 patients at the time of relapse (range, 2771-12 335 pg/mL) and in all cases was increased compared with the level at time of best clinical response (range, Ͻ 1560-3693 pg/mL). The other 3 patients had undetectable serum vIL-6 at both time points. Patients who relapsed all had increasing hIL-6 (median increase, 33.2 pg/mL; range, 7.3-192.2 pg/ nL), IL-10 (median increase, 9324 pg/mL; range, 839-15 549 pg/mL), Matched comparisons were performed using an exact Wilcoxon signed-rank test, using log10 transformation for hIL-6, IL-10, and KSHV viral load. Values for hIL-6, IL10, and KSHV viral load include only the 13 patients evaluable at both baseline and time of best clinical response.
*Using this assay, the mean serum hIL-6 level in healthy donors is 2.3 pg/mL (SD 1.1 pg/mL). 35 and KSHV viral load (median increase, 91 043 copies/10 6 PBMCs; range, 1600-297 830 copies/10 6 PBMCs).
Toxicities
Principal toxicities possibly, probably, or definitely attributable to AZT/VGC are outlined in Table 5 and were mainly hematologic. Anemia, thrombocytopenia, and neutropenia were observed, although the contribution of drugs to these abnormalities was often difficult to separate from underlying MCD. In total, 4 major infections were noted: 1 patient developed both a catheter-related urinary tract infection and Clostridium difficile colitis, 1 developed group G Streptococcus endocarditis while neutropenic and receiving high-dose dexamethasone, and 1 patient developed pneumococcal sepsis. This latter patient refused therapy for his sepsis and died of this complication, which was considered unlikely to be the result of AZT/VGC. In addition, 1 patient had neutropenic fever. No adverse effect on HIV control was noted, and HIV viral load was undetectable at the end of therapy in all patients. Fluctuations in CD4 counts were common in the setting of symptomatic MCD and were considered unlikely to be the result of AZT/VGC.
Discussion
This study provides evidence that high-dose AZT/VGC has activity in patients with symptomatic KSHV-MCD. Twelve of 14 patients had a substantial clinical improvement meeting criteria for major clinical response, and 7 met criteria for a major biochemical response. Patients had improvement in circulating levels of hIL-6, vIL-6, KSHV viral load, and other parameters related to MCD pathogenesis. It is worth noting that this pilot study was not randomized and that KSHV-MCD symptoms may wax and wane spontaneously. Controlled trials would be needed to further define the efficacy of AZT/VGC and compare it with other approaches. Nonetheless, comparison with studies of the natural history of KSHV-MCD 1,2,15 as well as the temporal relationship between AZT/VGC administration and symptom improvement provides evidence that responses observed in the patients in this study were largely a result of administered therapy.
The rationale for this regimen is to selectively target MCD-KSHV cells expressing KSHV lytic genes (ORF21 and ORF36) through their activation of AZT and ganciclovir to toxic moieties. However, these drugs may have other effects on the KSHV life cycle contributing to clinical activity. In particular, ganciclovir can inhibit KSHV replication, 36, 37 and VGC alone has been reported to reduce the frequency of flares or induce a remission in 3 patients with KSHV-MCD. 17 This raises the possibility that the results seen are in part related to the ability of VGC to block KSHV replication. Through its antiviral effect, ganciclovir can reduce KSHV spread to new cells, and this may contribute to its clinical activity in KSHV-MCD. However, for cells already infected with KSHV, ganciclovir blocks a relatively late step in the KSHV lytic cycle and thus would not be expected to suppress expression of vIL-6. 38, 39 In addition, cidofovir, another antiviral drug with activity against KSHV, has not been found to have utility in KSHV-MCD, 40 suggesting that targeting anti-KSHV replicative activity alone may not be sufficient to yield anti-MCD activity. Additional studies are needed to sort out these possibilities.
Our interest in the cytotoxic use of high-dose AZT in KSHVassociated malignancies arose after experience from the initial phase 1 trial of study of AZT raised the possibility that very high-dose AZT may have activity in KS. In this study of patients with AIDS or symptomatic HIV infection, 4 of 9 patients with KS had major responses (3 partial, 1 complete). 41, 42 KS patients who responded all received very high doses of AZT, 30 mg/kg per day or more. After the discovery of KSHV, 3 a virally encoded thymidine kinase that efficiently phosphorylates AZT, ORF21, was described. 27 AZT at a dose of 10 m/L induces cell toxicity in PEL cells induced to lytic KSHV activation; such AZT levels are attained with an intravenous dose of 5 mg/kg. 25, 43 One hypothesis is that the KS responses that the original AZT trial were at least partially the result of KSHV ORF21-induced accumulation of toxic AZT triphosphate, and associated cytotoxic activity in a subset of KS tumor cells with lytic KSHV replication. However, we cannot exclude the possibility that the KS responses in that study were related to control of HIV viremia and resulting enhanced immune function, as is currently observed in some patients receiving HAART. 44, 45 The finding that decreases in hIL-6 and KSHV viral load paralleled clinical improvement in patients treated with AZT/ VGC is consistent with the current understanding that KSHV activation, and KSHV-induced cytokine dysregulation, contributed to the pathogenesis of KSHV-MCD. 14,31,46,47 Only a subset Wilcoxon matched-pair signed-rank test comparing changes from baseline laboratories to a time point of best clinical response is performed on all evaluable patients (14 patients evaluable for CRP, 12 patients evaluable for vIL-6) and then repeated with exclusion of 1 patient whose assessment was confounded by development endocarditis *(f----f) in (A) C-reactive protein (mg/dL), (P ϭ .0085, *P ϭ .0002) and (B) vIL-6 (pg/mL; not significant). In 6 patients, vIL-6 was undetectable both at baseline and time of best clinical response.
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Although this regimen of AZT/VGC appeared to have activity in KSHV-MCD, there were limitations. Patients with severe KSHV-MCD symptoms, advanced KS, or concurrent lymphoma were treated with alternative approaches, and the response rates observed cannot be extrapolated to these groups. In patients treated with AZT/VGC, median progression-free survival was 6 months, and 8 patients who initially responded had subsequent relapses. Higher doses of AZT, up to 90 mg/kg per day orally, were administered on the initial phase 1 trial of AZT, 41, 42, 49 and regimens using higher drug doses could have greater activity. In addition, latently infected cells that do not express ORF21 and ORF36 would not be expected to respond to virus-activated cytoxic therapy, and continuous AZT/VGC might possibly have a greater cytotoxic effect by targeting KSHV-infected cells as they become lytically active. However, either of these changes in AZT/VGC administration would have to be balanced against toxicity. Alternatively, intermittent AZT/VGC could be combined with other therapies, such as rituximab, in KSHV-MCD, or used to consolidate responses after other therapies have been used in the acute flares.
Presently, there are no accepted response criteria for MCD. We developed specific response criteria both to more precisely define the responses to therapy and evaluate the utility of the proposed criteria. Initially proposed biochemical criteria were unwieldy, and based on preliminary experience, were revised to simplify the biochemical criteria ( Table 2 ). The revised criteria could be easily implemented, rely on commonly used laboratory and imaging studies, and were consistent with our general clinical impressions. Interestingly, the radiographic responses using these criteria often lagged behind the biochemical and clinical responses. Moreover, the 3 patients who attained complete overall responses (including radiographic responses) remained relapse-free off KSHV-MCD 50 In conclusion, this study provides evidence that AZT/VGC has activity in the treatment of KSHV-MCD. It supports the paradigm that lytically active KSHV-infected cells are important in disease pathophysiology and that KSHV lytic genes can be used to selectively target KSHV-infected plasmablasts in this rare lymphoproliferative disorder. Nonetheless, AZT/VGC has limitations, and it will be important to consider strategies to optimize this approach or its use in combination with other therapies for KSHV-MCD. Evaluation of additional cytotoxic approaches specifically targeting cells expressing KSHV lytic genes appears warranted in KSHV-MCD. 51 As our understanding of this rare disease continues to improve, durable remissions for the majority of HIV-infected patients with KSHV-MCD obtained through the use of targeted therapy appear to be an attainable goal.
